To determine the relative importance of different risk factors for the development of surgical-site infections (SSIs) in orthopedic surgery with prosthetic implants.
superficial and 7 deep SSI. These infections led in three cases to removal of the prosthesis and caused 286 extra days in hospital. The main causative pathogen was S aureus. In multiple logistic regression analysis, the following factors were independent risk factors for the development of SSI: high-level nasal carriage of S aureus (P=.04), male gender (P=.005), and surgeon 1 (P=.006). The only independent risk factor for SSI with S aureus was high-level nasal carriage of S aureus (P=.002).
CONCLUSION: High-level nasal carriage of S aureus was the most important and only significant independent risk factor for developing SSI with S aureus (Infect Control Hosp Epidemiol 2000;21:319-323).
One of the most important risk factors for the development of surgical-site infection (SSI) is the degree of contamination of the wound at the moment of surgery. 1, 2 Although orthopedic surgery typically is classified as clean, and strict aseptic techniques and antimicrobial prophylaxis commonly are employed, SSIs continue to be important complications. 2 In several large studies, infection rates between 1.3% and 2.9% were reported. [3] [4] [5] [6] In a recent Dutch multicenter surveillance study, the following infection rates were found: collum fractures, 3.1%; replacement of femur head, 6.0%; total hip prosthesis, 3.0%; and total knee prosthesis, 4.1%. 7 These infections, and especially the deep prosthetic infections, can have serious consequences for the patient and are associated with high extra costs of care. [8] [9] [10] [11] [12] [13] In this prospective cohort study, the relative importance of different risk factors for SSI in patients undergoing orthopedic surgery with prosthetic implants was evaluated.
METHODS

Study Population
The study was performed from June 1995 until April 1996 at the department of orthopedic surgery at the Ignatius Hospital, Breda, The Netherlands. All patients undergoing hip, knee, or back surgery in which prostheses were implanted or revised were included. Patients were included only once. Generally, patients were admitted the day before surgery. On that day, hair removal was performed, and a nasal swab was taken for culture. Cefamandole was given as perioperative antibiotic prophylaxis to all patients, according to the schedule of the hospital guideline: 1 g 30 to 60 minutes before surgery followed by 1-g doses 8 and 16 hours thereafter. All procedures were performed in a standard operation theater with standard air conditions (no ultraclean air) and standard clothing.
Variables and Surveillance Method
The following variables were recorded: age, gender, date of admission, method of hair removal, type of procedure, date of surgery, date of discharge, total length of hospital stay, postoperative length of stay, duration of the operation, surgeon (numbered 1 to 6), and presence of malignancy or diabetes mellitus. The ward was visited daily by one of the investigators. The medical records of all patients were studied for the presence of SSI based on criteria as defined by the Centers for Disease Control (CDC). 14, 15 Date of onset and pathogens involved were recorded.
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Nasal Culture
The day before surgery, both nares were sampled using a Dacron swab. The swab was processed in the laboratory the same day. A blood-agar plate was inoculated, and the amount of Staphylococcus aureus in the nasal swab was determined semiquantitatively using four quadrants. Two levels of growth were distinguished: growth limited to the first two streaks on the agar plate was defined as low-level nasal carriage of S aureus; growth in the third or fourth streak was defined as high-level nasal carriage of S aureus.
Statistical Analysis
Results were analyzed using the Statistical Package for Social Sciences (SPSS, Chicago, IL Table 1 shows the different types of procedures and the corresponding mean duration of the procedure, the mean age of the patient, and the mean length of hospital stay.
The operations were done by six surgeons. The number of operations per surgeon ranged from 24 for surgeon 2 to 79 for surgeon 1. Total hip, revision of total hip, and total knee operations were performed by all surgeons, except surgeon 3, who did not perform any total knee operations. All total knee revision operations were done by surgeons 1 and 4, and almost all back operations were done by surgeons 5 and 6.
Hair removal was done by clipping or depilatory cream (14.3%), by shaving with a razor blade (58.8%), or not done (26.8%).
S aureus was carried by 27% of patients: 17% highlevel and 10% low-level.
Overall, 18 patients (6.6%) developed SSI (Table 1) : 11 superficial and 7 deep (Table 2) . S aureus was the causative pathogen in 9 (50%), including 5 (71%) of 7 deep SSIs. Six of the 9 patients with SSI caused by S aureus had a positive nasal swab before surgery. All other pathogens were isolated only once. Table 3 shows the mean duration of operation, age, and length of hospital stay associated with superficial, deep, or no SSI. No significant relation was found between mean age or duration of operation. Length of stay was significantly related to SSI: those with superficial SSI stayed a mean of 5 days longer than those with no SSI, and those with deep SSI stayed a mean of 33 days longer. Besides this prolongation in hospital stay, in three patients with a deep SSI, the prosthesis had to be removed.
In univariate analyses, male gender, high-level nasal carriage of S aureus, and having surgery performed by surgeon 1 were significantly associated with SSI (Table 4) ; underlying illness and any nasal carriage of S aureus (high or low level) were significantly associated with S aureus SSI.
To correct for confounding, logistic regression analysis was done for the outcomes "SSI" and "SSI with S aureus." Every variable recorded was included in the analyses. The following factors were independent risk factors for the development of SSI: high-level colonization with S aureus (P=.04), male gender (P=.005), and surgeon 1 (P=.006). The only independent risk factor for SSI with S aureus was high-level S aureus colonization (P=.002).
DISCUSSION
High-level nasal carriage of S aureus by the patient was the most important and only significant independent risk factor for SSI with S aureus and also was a significant independent risk factor for any SSI. This is the first study to document this risk factor in orthopedic surgery with prosthetic implants. Nasal carriage of S aureus was identified as a risk factor for SSI approximately 4 decades ago in several excellent studies. In the late 1950s, the observation was made that some patients developed infections with S aureus strains that had been isolated previously at other sites from the same patient and not from other potential sources in the environment. In 1959, three independent reports were published that had investigated primarily the relation between nasal carriage of S aureus and the development of surgical-wound infections. [16] [17] [18] A number of studies followed in the next decade, most of which showed a significantly increased risk for development of a wound infection by nasal carriers. 19 The causal relationship was strengthened by showing a correlation between the colonization density of S aureus at the carriage site and the risk of infection. [20] [21] [22] Recently, a case-control study was performed to evaluate the importance of nasal carriage as a risk factor in cardiothoracic surgery for the development of sternal-wound infection with S aureus after sternotomy. 23 Preoperative nasal carriage was identified as the most important risk factor (odds ratio, 9.6; 95% confidence interval, 3.9-23.7). Moreover, phage typing of both the pre-and postoperative isolates of S aureus showed that all 10 pairs were identical. In our study, nasal carriage had a relative risk (RR) of 8.9 for SSI with S aureus, which is practically identical to results for the patients in cardiothoracic surgery. An increase in RR was observed when the number of colonyforming units of S aureus present in the nasal cavity increased. This dose-effect relationship strengthens the causal relationship between nasal carriage and the development of SSI. The carriage rate found in the present study was 27%. In the general population, a mean carriage rate of 37.2% (range, 19.0%-55.1%) was found, based on many studies over the years 1934 to 1994. 24 Therefore, the carriage rate in the current study was within the expected range.
The other risk factors for developing SSI that were found to be significant in univariate analysis and remained significant in logistic regression analysis were male gender and surgeon 1. No explanation could be found for male gender as an independent risk factor for developing SSI, and male gender is not considered to be an important risk factor for SSI in general. 2 A specific explanation for surgeon 1 being an independent risk factor could not be found either. It is known that different surgeons can have different infection rates, and it has been shown that infection surveillance and feedback of infection rates to surgeons leads to lower infection rates, but the exact cause for this has never been identified. 3, 5, [25] [26] [27] [28] [29] The overall infection rate was 6.6%. The infection rate for total hip replacements in this study was higher than in a large Dutch multicenter surveillance study (8.8% vs 3.0%), whereas the infection rate was lower for total knee replace- May 2000 ment (3.0% vs 4.1%). Many other infection rates for orthopedic surgery have been reported, varying from 1.3% to 6.0%. [3] [4] [5] [6] [7] It is difficult, however, to compare infection rates. Differences in surveillance methods, differences in the criteria applied, and differences in characteristics of the patient population are major causes of differences in infection rates. 2 The prophylactic regimen also may influence the SSI rate. In this study, a 24-hour schedule with two postoperative doses was used (it should be mentioned that this regimen, although not uncommon, is not consistent with the recommendation that prophylaxis not extend beyond the end of surgery). Another factor that can influence the infection rate is the duration of follow-up. We performed follow-up until discharge and included events identified when patients were readmitted to the hospital. From the results of a large Dutch multicenter surveillance study, the effect of postdischarge surveillance in a comparable population can be estimated. 7 In that study 18,063 operations were included, and surveillance was done according to the CDC criteria and was extensively validated. The group "bone and muscle surgery," which is comparable with our group of patients, consisted of 9,831 procedures. Some centers systematically performed postdischarge surveillance, others did not. In the group of centers with postdischarge surveillance, 38.4% of SSI were found after discharge; in the group of centers without systematic postdischarge surveillance, 25.2% of SSI were found after discharge. Thus, without systematic postdischarge surveillance, 13.2% of SSI were missed. Accordingly, we may have missed 10% to 15% of all infections. However, these would be the late infections, which typically are caused by organisms other than S aureus. When a late deep infection with S aureus arises, this would be a serious problem, which would result in readmission to hospital. Therefore, it is highly unlikely that an important part of infections caused by S aureus would have been missed, and therefore the conclusion regarding the risk factor "nasal carriage" is valid. We might have slightly underestimated the SSI rate, but this would concern especially infections with organisms other than S aureus. As a result, we might have slightly overestimated S aureus as a risk factor, but the effect of the short duration of follow-up should be very small and not influence the conclusions of the study.
The complications associated with the 18 SSIs were considerable. The 11 superficial infections were associated with a mean prolongation of hospital stay of 5 days per patient, or 55 days overall. However, the 7 deep infections were associated with a mean prolongation of hospital stay of 33 days per patient, for a total of 231 extra days. Besides this, in three patients with deep SSI, the prosthesis had to be removed; so, deep SSI have especially important implications for the patient and the hospital, and preventive measures should primarily be aimed at preventing deep SSI. In deep SSI, S aureus was by far the most important organism (71% of deep SSI). Risk-factor analysis showed that highlevel nasal carriage of S aureus in the patient was the only significant, independent risk factor for developing SSI with S aureus. Measures aimed at preventing SSI with S aureus therefore should be directed toward eradication of nasal carriage. A recent study found a significantly lower SSI rate in cardiothoracic surgery after perioperative eradication of nasal carriage with mupirocin nasal ointment. 30 In that study, an SSI rate of 7.3% was found before eradication of nasal carriage versus 1.7% in patients treated perioperatively with mupirocin (P<.0001). A major disadvantage of the study was the use of a historical control group, and therefore these results need to be confirmed in placebo-controlled, randomized, double-blinded studies. Nevertheless, the concept of perioperative eradication of nasal carriage is attractive. Since nasal carriage is an important risk factor for the development of SSI, eradication of this risk factor is likely to reduce the SSI rate. Mupirocin nasal ointment is a relatively cheap and safe agent, which is highly effective in eradicating nasal carriage. 19 A study on the cost-effectiveness of mupirocin as perioperative prophylaxis showed that, provided that perioperative eradication with mupirocin is effective in a well-designed study, this measure will be highly cost-effective. 31 Therefore, we are now performing a doubleblinded, randomized, placebo-controlled study of mupirocin in patients undergoing orthopedic surgery in which prosthetic implants are used.
